Introduction {#s1}
============

Immune (idiopathic) thrombocytopenic purpura (ITP) is a primary autoimmune disease. It is characterized by a diminished peripheral platelet count (\< 100 × 10^9^/L) caused by platelet destruction with an increased risk of mucocutaneous bleeding \[[@R01]\]. It is usually a benign, self-limiting disease in children \[[@R02]\]. The diagnosis of ITP depends on clinical characteristics and the laboratory examinations conducted, as well as the ability to exclude other diseases associated with thrombocytopenia \[[@R03]\]. Antiplatelet autoantibodies are responsible for platelet destruction and probably for inhibition of megakaryopoiesis \[[@R04]\]. Two forms of ITP are distinguished: acute and chronic. Acute ITP occurs abruptly, often after viral infection. It usually resolves spontaneously within 6 months of diagnosis. However, approximately 20% of newly diagnosed children with ITP progress to a chronic form, defined as persistence of thrombocytopenia for more than 12 months \[[@R01]\].

B lymphocytes participate in immune responses through production of antibodies, antigen presentation to T cells, and cytokine secretion. The development of the normal B-cell repertoire is largely dependent upon the concerted expression of the receptors for cytokine B cell activating factor BAFF, with levels of expression varying over the different stages of B-cell differentiation \[[@R05]\]. B cells are divided into naive and memory B-cell subpopulations. Naive human B cells are most sensitive to prosurvival signals delivered by BAFF through its prior activation through the B-cell receptor \[[@R06]\]. The maturation of naive B cells to memory status is usually associated with gain of CD27 expression \[[@R07]\].

Memory B cells are divided into two main populations \[[@R08], [@R9]\]. Switched CD19^+^CD27^+^IgM^-^IgD^-^ B cells which are involved in T cell-dependent immune responses, secrete IgG and IgA Abs, and maintain long-term serological memory. The second memory B cells are the IgM memory CD19^+^CD27^+^IgM^high^IgD^low^CD21^high^ B cells which are important in T cell-independent immune responses and secrete high-affinity IgM in the early phase of infection to inhibit microbial replication in blood \[[@R10]\]. IgM memory B cells are the circulating counterparts of splenic marginal zone B cells \[[@R07]\].

An immature subset of B cells, termed regulatory B cells (Bregs), have recently been shown to mediate protective immune responses by producing regulatory cytokines such as IL-10, TGF-b, IL-35 and directly interacting with pathogenic T cells via cell-to-cell contact \[[@R11]-[@R16]\]. The identification of Bregs has been demonstrated in several studies in allergic \[[@R13]\] and autoimmune diseases such as systemic lupus erythematosus \[[@R17]\]. An exact definition of human Bregs by lineage-specific surface markers is lacking \[[@R16], [@R18]\]. A widely accepted phenotypic characterization of Bregs in humans was suggested by Blair et al, who reported the immature transitional CD19^+^CD24+^hi^CD38+^hi^ B-cell subset was shown to enrich for IL-10^+^ Bregs and these cells suppressed CD3-mediated activation and differentiation of Th1-cells via both secretion of IL-10 and cell-cell interaction \[[@R17]\].

Little is known about the frequencies of Bregs and memory B lymphocytes in children with ITP. The aims of this study were to investigate the levels of Bregs and memory B lymphocytes in newly diagnosed pediatric ITP patients and to correlate their levels with the course of the disease.

Patients and Methods {#s2}
====================

This study was a case-control study, including 30 patients with acute ITP. The patients were recruited from Pediatric Clinical Hematology Unit of Children Hospital, Assiut University. In addition, 20 healthy children of comparable age and sex were taken as controls. The study was approved by the institutional review board and informed consents were obtained.

At diagnosis, all patients and controls were subjected to history and physical examination with stress upon disease duration, drug intake, preceding viral infection and bleeding manifestations, organomegaly and lymphadenopathy, in addition to the following investigations: full blood picture (Celltac E automated hematology analyzer, Tokyo, Japan), detection of memory B lymphocytes and Bregs by flow cytometry. The patients were managed according to the grade of severity \[[@R02]\]. According to the response of treatment, the patients were then classified into two group: patients with short duration, who recovered before 3 months, and patients with long duration, who did not recover before 3 months according to the clinical score developed by Edslev et al \[[@R19]\].

Inclusion criteria {#s2a}
------------------

The following patients were included: 1) children aged from 6 months to 16 years presented with newly diagnosed acute ITP; 2) platelet count \< 50 × 10^9^/L; 3) bleeding tendency \< grade 4 \[[@R02]\]; and 4) no prior immunomodulating (intravenous immunoglobulin and corticosteroids) treatment before diagnosis.

Exclusion criteria {#s2b}
------------------

The exclusion criteria included: 1) clinical features those are not compatible with diagnosis of acute ITP, such as presence of organomegaly, other cytopenias besides thrombocytopenia, other autoimmune phenomena, or features suggestive of infectious disease like hepatitis, Epstein-Barr virus; 2) patients with chronic ITP; 3) immunomodulating treatment within 4 weeks before diagnosis; and 4) severe or life-threatening bleeding at presentation (grade 4) \[[@R02]\].

Flow cytometric detection of regulatory B cells and memory B lymphocytes {#s2c}
------------------------------------------------------------------------

For detection of Bregs and memory B lymphocytes, 50 µL of blood sample was stained with 5 µL of fluoroisothiocyanate (FITC)-conjugated CD24, phycoerythrin (PE)-conjugated CD38, and peridinium-chlorophyll-protein (Per-CP)-conjugated CD19 in one tube. Per-CP-conjugated CD19, PE-conjugated IgM and FITC-conjugated CD27 in another tube, all monoclonal antibodies were purchased from Becton Dickinson (BD) Biosciences (San Jose, CA, USA). After incubation for 15 min at room temperature in the dark, RBC lysis was done. After one wash, the cells were suspended in phosphate buffer saline (PBS). Flow cytometric analysis was done by FACSCalibur flow cytometry with Cell Quest software (BD Biosciences, USA). Anti-human IgG was used as an isotype-matched negative control for each sample. Forward and side scatter histogram was used to define the lymphocyte population. Then, CD19^+^ (B lymphocytes) were gated for further analysis. The percentages of CD19^+^ (B lymphocytes), CD19^+^CD27^-^ (naive B cells), CD19^+^CD27^+^ (total memory B cells), CD19^+^CD27^+^IgM^+^ (IgM memory B cells), CD19^+^CD27^+^IgM^-^ (switched memory B cells), and CD19^+^CD24^+high^CD38^+high^ (Bregs) were then detected ([Fig. 1](#F1){ref-type="fig"}).

![Flow cytometric detection of regulatory and memory B cells. (a) Forward and side scatter histogram was used to define the lymphocytes population (R1). (b) The CD19^+^ cells (B lymphocytes, R2) were then gated for further analysis. (c) The expression of CD24 and CD38 was assessed in CD19^+^ B cells to define CD19^+^CD24^+High^CD38^+High^ cells (regulatory B cells, R3). (d) The expression of IgM and CD27 in was assessed in CD19^+^ B cells to detect the CD19^+^CD27^+^IgM^+^ (IgM memory B cells, R4) and CD19^+^CD27^+^IgM^-^ (switched memory B cells, R5).](jh-06-081-g001){#F1}

Statistical analysis {#s2d}
--------------------

All statistical analyses were performed using SPSS version 18 (SPSS, Inc., Chicago, IL, USA). Qualitative data were expressed as number and percentage; quantitative data were expressed as mean ± standard error of mean (SEM). Mann-Whitney analysis was used to detect the statistical differences between the study groups. Spearman's correlation was used to correlate the studied parameters. P value \< 0.05 denoted significant difference.

Results {#s3}
=======

The baseline characteristics of ITP patients and the controls were shown in [Table 1](#T1){ref-type="table"}. The study included 30 children with age range from 1 to 12.5 years (5.95 ± 0.71), 17 males and 13 females. Cutaneous manifestations were present in all patients in the form of petechial hemorrhage and some bruising. Mild epistaxis was present in eight patients. Twenty patients (66.7%) experienced a preceding febrile illness. None of our patients presented with enlarged liver, spleen or significant lymphadenopathy. Twenty-one patients (70%) were recovered within 3 months and nine (30%) patients had duration of thrombocytopenia more than 3 months. There was no significant difference in white blood cell count, and hemoglobin concentration between ITP patients and controls. Platelet count was significantly decreased, and mean platelet volume (MPV) was significantly increased in the patients than the controls.

###### Baseline Characteristics of ITP Patients and Controls

                               Patients (n = 30)   Controls (n = 20)   P-value
  ---------------------------- ------------------- ------------------- ---------
  Age (years)                  5.95 ± 0.71         6.14 ± 0.94         0.55
  Sex (male/female)            17/13               11/9                \-
  Petechial rash               30/30 (100 %)       \-                  \-
  Bruising                     30/30 (100%)        \-                  \-
  Epistaxis (mild)             8/30 (26.6%)        \-                  \-
  Preceding febrile illness    20/30 (67.7%)       \-                  \-
  Splenomegaly                 0/30                \-                  \-
  Hepatomegaly                 0/30                \-                  \-
  Platelet count (× 10^9^/L)   12 ± 0.78           248.55 ± 19.41      0.000
  WBCs count (× 10^9^/L)       7.99 ± 0.40         9.12 ± 0.63         0.18
  Hemoglobin (g/dL)            10.81± 0.20         11.40 ± 0.22        0.06
  MPV (Femtoliter)             9.32 ± 0.25         5.29 ± 1.93         0.000

Data represented as mean ± SEM. P ≤ 0.05 is significant. MPV: mean platelet volume; WBCs: white blood cells.

Peripheral blood B-cell subpopulations in patients with ITP and the controls were shown in [Table 2](#T2){ref-type="table"}. The frequency of total B lymphocytes was significantly higher in ITP patients than the controls. There was no significant difference in the frequencies of naïve + B lymphocytes in ITP patients and the healthy controls. The frequencies of total memory B lymphocytes and switched memory B lymphocytes were significantly lower in ITP patients than the controls. While IgM^+^ memory B lymphocytes were significantly increased in ITP patients than the controls. The frequency of CD19^+^CD24^+high^CD38^+high^ Bregs in patients with ITP was significantly lower in ITP patients than the controls.

###### Peripheral Blood B-Cell Subpopulations in Patients With ITP and the Controls

                            Patients (N = 30)   Control (N = 20)   P-value
  ------------------------- ------------------- ------------------ ---------
  Total B lymphocytes       13.94 ± 0.30        11.62 ± 0.48       0.000
  Naive B lymphocytes       73.04 ± 2.21        69.8 ± 1.8         0\. 582
  Total memory B cell       26.48 ± 1.96        31.20 ± 1.81       0.009
  IgM memory B cells        16.21 ± 1.13        12.57 ± 1.18       0.03
  Switched memory B cells   10.25 ± 1.04        16.90 ± 0.92       0.01
  Regulatory B cells        2.30 ± 0.15         3.64 ± 0.18        0.000

Mann-Whitney test. Data represented as mean ± SEM. P ≤ 0.05 is significant.

The comparison of some studied parameters at diagnosis in ITP patients with short and long duration of illness was shown in [Table 3](#T3){ref-type="table"}. The mean level of platelet count in peripheral blood of ITP patients with long duration of illness was significantly lower than that in patients with short duration of illness. The frequencies of total memory B cells and Bregs in ITP patients with long duration of illness were significantly lower than that level in patients with ITP with short duration of illness. There was no statistically significant difference between the other B lymphocytes subpopulation between ITP patients with long and short duration of illness. The correlations between some studied parameters in ITP patients were shown in [Table 4](#T4){ref-type="table"}.

###### Comparison of Some Studied Parameters in ITP Patients With Short and Long Duration of Illness

                                Patients with long duration (N = 9)   Patients with short duration (N = 21)   P-value
  ----------------------------- ------------------------------------- --------------------------------------- ---------
  Total B lymphocytes (%)       13.63 ± 0.51                          14.08 ± 0.38                            0.519
  Naive B lymphocytes (%)       74.11 ± 3.53                          75.44 ± 2.48                            0.766
  Total memory B cell (%)       18.44 ± 2.23                          28.50 ± 2.36                            0.01
  IgM memory B cells (%)        12.02 ± 1.57                          12.81 ± 1.16                            0.767
  Switched memory B cells (%)   11.69 ± 1.81                          11.06 ± 1.30                            0.788
  Regulatory B cells (%)        1.72 ± 0.21                           2.54 ± 0.17                             0.01
  MPV (Femtoliter)              9.42 ± 0.50                           9.72 ± 0.30                             0.799
  Hemoglobin (g/dL)             10.68 ± 0.32                          10.86 ± 0.26                            0.711
  WBCs (× 10^9^/L)              8.97 ± 0.71                           7.57 ± 0.47                             0.114
  Platelet count (× 10^9^/L)    8.55 ± 0.66                           13.47± 0.92                             0.003

Mann-Whitney test. Data represented as mean ± SEM. P ≤ 0.05 is significant. MPV: mean platelet volume; WBCs: white blood cells.

###### Correlations Between Some Studied Parameters in ITP Patients

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                            Platelet count   Regulatory B cells   IgM memory B cells   Switched memory B cells   Total B lymphocytes   Total memory B cells   Naive B cells
  ------------------------- ---------------- -------------------- -------------------- ------------------------- --------------------- ---------------------- ---------------
  Regulatory B cell         0.665\*\         1                    -0.491\*\            0.259\                    -0.393\*\             0.423\*\               -0.208\
                            P = 0.000                             P = 0.04             P = 0.07                  P = 0.005             P = 0.002              P = 0.15

  IgM memory B cells        -0.363\*\        -0.491\*\            1                    -0.819\*\                 0.413\*\              -0.621\*\              0.294\*\
                            P = 0.01         P = 0.04                                  P = 0.000                 P = 0.003             P = 0.000              P = 0.078

  Switched memory B cells   0.391\*\         0.259\               -0.819\*\            1                         -0.373\*\             0.683\*\               -0.268\
                            P = 0.005        P = 0.07             P = 0.000                                      P = 0.008             P = 0.000              P = 0.512

  Total B lymphocytes       -0.451\*\        -0.393\*\            0.413\*\             -0.373\*\                 1                     -0.371\*\              0.401\*\
                            P = 0.01         P = 0.005            P = 0.003            P = 0.008                                       P = 0.008              P = 0.004

  Total memory B cells      0.389\*\         0.423\*\             -0.621\*\            0.683\*\                  -0.371\*\             1                      -0.232\*\
                            P = 0.005        P = 0.002            P = 0.000            P = 0.000                 P = 0.008                                    P = 0.651

  Naive B cells             -0.342\*\        -0.208\              0.294\*\             -0.268\*\                 0.401\*\              -0.232\*\              1
                            P = 0.01         P = 0.15             P = 0.078            P = 0.512                 P = 0.004             P = 0.615              
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Spearman's correlation.

Discussion {#s4}
==========

Primary ITP is an acquired immune-mediated disorder characterized by isolated thrombocytopenia and increased platelet destruction \[[@R20]\]. In patients with ITP, the maintenance of self-tolerance and the effective immune response seems to be altered. Circulating antibodies and/or immune complexes adsorb to the platelets, resulting in early destruction by macrophages. Impaired platelet production and T cell-mediated platelet destruction play significant roles in more than one step of the immune regulation in ITP \[[@R21], [@R22]\].

In the present study, we observed a significant distortion of B-cell homeostasis in patients with ITP. The percentage of total B cells was increased in ITP patients compared with the controls, with little difference between ITP patients with long and short duration of the illness. This might be expected, as B cells are the ultimate producers of anti-platelet antibodies, and patients with ITP have an increased generation of anti-platelet antibodies \[[@R23]\]. The pathogenic B cells are stimulated by platelet-specific helper T cells to proliferate into autoantibody-secreting cells and thus they may be responsible for decreased peripheral blood platelet count in patients with ITP \[[@R24]\]. Rituximab, an anti-CD20 monoclonal antibody that depletes B cells, has been used to treat ITP for about a decade and has shown its efficacy in a subpopulation of ITP patients \[[@R25], [@R26]\]. Our result, in agreement with previous studies \[[@R27]-[@R29]\], reported an increased frequency of B cells in ITP patients.

The decline of Bregs in the peripheral blood of our ITP patients compared with the healthy controls could indicate that the reduced Bregs play a role in the pathogenesis of ITP. Also, the more reduction of Bregs in ITP patients with long duration of the disease than those patients with short duration and the positive correlation between their level and the platelet count of the patients suggest that the number of Bregs might correlate with clinical outcome in ITP patients. Our results are in agreement with Kuwana et al and Li et al \[[@R28], [@R30]\], who reported decrease in the frequency of circulating Bregs in ITP patients compared to healthy controls.

Regulatory B cells inhibit T cell and monocyte activation through secretion of anti-inflammatory IL-10 which regulates the polarization, pro-inflammatory differentiation of other antigen presenting cells (APCs) and autoimmune responses \[[@R31]\]. B cells of ITP patients have impaired IL-10 response after stimulation and a reduced ability to dampen monocyte activation \[[@R30]\]. Bregs suppress CD4^+^ T cell responses and can prevent the induction of autoimmune disease in several mouse models \[[@R32], [@R33]\]. In our study, the mean levels of total memory B cells and the switched memory B cells in patients with ITP were lower than that of the normal controls. Both total memory B cells and the switched memory B cells were positively correlated with the platelet count in ITP patients. Also, the mean level of total memory B cells in patients with ITP with long duration of illness was lower than patients with ITP with short duration of illness. These findings could indicate the important role of the memory B cells in the development and prognosis of ITP.

The reduction in memory B cells may be due to continuous stimulation of the memory B cells with platelet autoantigens, which leads to differentiation of the memory B cells into plasma cells. Naive B cells differentiate into either memory or plasma cells. So another possibility of the reduction in memory B cells may be that there is more differentiation of the naive B cells to plasma cell and therefore less memory cells in ITP patients. Similar low numbers of peripheral memory B cells have been reported in patients with primary Sjogren syndrome, as well as in patients with severe chronic sarcoidosis and in a subgroup of patients with common variable immunodeficiency with autoimmune manifestations \[[@R34]\].

On the other hand, we found increased level of IgM memory B cells in our ITP patients and it was negatively correlated with their platelet count. This may suggest their role in the development of ITP. Their increased level could be explained by their increased production by the spleen of ITP patients, as IgM memory B cells develop in the marginal zone of the spleen and require the spleen for their survival and/or generation. The response of refractory ITP patients to splenectomy may be due to the deceased production of IgM memory B cells resulting from loss of germinal centers of the spleen. Decreased frequencies of memory B cells in splenectomized individuals were observed in ITP patients \[[@R35]\]. Kreutzman et al \[[@R36]\] reported that the patients, who had autoimmune disease as a precursor to splenectomy, had reduced numbers of circulating IgM^+^ memory B cells after splenectomy.

The correlation between Bregs and the memory B cells that was found in our results indicate that the human immune system is a complicated system in which all immune cells influence and control each other. The alterations in regulatory immune cells are to a great extent responsible for the disruption of immune homeostasis in autoimmune disorders, such as ITP.

Conclusion {#s4a}
----------

The alteration of B-cell homeostasis in patients with ITP could play a role in the development of ITP. Analysis of Bregs and memory B cells could serve as prognostic markers and might guide the therapy in ITP patients in the future.
